Every industry that involves manufactured items will be impacted by Poised at the forefront of scientific and technological research and advancement, nanotechnology involves sophisticated, microscopic technologies that seek to manipulate matter on a molecular level. Theoretically, these bits of nanotechnology (nanites) can be programmed, either through their molecular make-up, chemical composition, or through instructive coding, to perform many designed objectives. Essentially, nanites can be programmed to do anything at all. Although nanotechnology could be useful in virtually any industry, it has the potential to be extremely valuable in the medical field. Nanites could be used to perform countless functions in health care, including the eradication of cancer-causing cells, restoration of eyesight, stimulation of the immtine system, and even destruction of tumors.
Nanotechnology in the medical field, termed nanomedicine, is a topic with which many of the world's leading nations have already begun to wrestle. In 2004, the European Commission ("ECj affirmatively decided to consider nanotechnology and nanomedicine as topics of the utmost importance with the adoption of the Communication 2 entitled ''Towards a European Strategy for Nanoteclniology.'.J The Communication pushed the nanotechnology issue to the institutional level, facilitating the development of a comprehensive European strategy for dealing with the arrival of nanotechnology. 4 The formation of a specific subcommittee to research and plan for the arrival of nanotechnology demonstrates the considerable time and manpower the EC has invested in its efforts to anticipate the big arrival of 2. The European Commission functions as the executiv" branch of the European Union. ''The Commission's job is to represent the common European interest to all the EU countries. To allow it to play its role as 'guardian of the treaties' and defender of the general interest, the Commission also has the right of initiative in the lawmaking process." The European Commission utilizes Communications to disseminate policy, goals, and directives to the larger European Community. The European Commission at Work, http://ec.europa.eu/ atwork.lblScfucts/index _ en.htm#comm (last visited Jan. 18, 2009).
3. The European Strategy for Nanotechnology and the Nanotechnology Action Plan, http://cordis.europa.eu/nanotechnology/actionplan.htm (last visited Jan. 17, 2009).
science's smallest technologies.
In the United States, regulatory agencies such as the Food and Drug Administration ("FDA") have already begun to formulate frameworks to address emerging issues presented by nanomedicine. Since the beginning of the George W. Bush Administration, a great deal of emphasis has been placed on nanotechnology research and development. Notably, the Bush Administration facilitated the creation of the National Nanotechnology Initiative 5 which receives large amounts of federal funding each year, including an estimated budget of$1.5 billion dollars in 2009. 6 This note will take an in-depth look at existing regulatory frameworks concerning nanotechnology and nanomedicine in the United States ("U.S") and the European Union ("EU''). It will consider the policy rationales that both nations have relied upon to justifY use of their current regulatory systems dealing with nanotechnology and nanomedicine. This note will also consider any additional steps or measures that the US and the EU have taken with regard to nanotechnology. This note seeks to evaluate how regulatory schemes can best maximize the benefits that nanotechnology and nanomedicine will give to society, while simultaneously anticipating and minimizing any negative effects such technology might have. Most importantly, this note will attempt to determine if these regulations stifle the advancement and development of nanotechnologies.
II. HISTORICAL OVERVIEW AND THE TROUBLE WITH REGULATING NEW TECHNOLOGIES
A. Nanotechnology and the Development of Nanomedicine
What is nanotechnology?
The prefix "nano" is a derivative of the term 'nanos' in Greek, meaning dwarf .. 7 "Nano'' is also a prefix used in the metric system of measurement to describe a specific unit of measure -a nanometer is one billionth of a meter. 8 Nanotechnology is technology that is created and functions on this extremely tiny, or dwarf, scale (the nanoscale). Au example of the size of the nanoscale would be something "1/80,000th of the diameter of a human hair, or 10 times the diameter of a hydrogen atom." 9 Regardless of 5. Brian (Vol. 7:397 how specifically it is measured, nanotechnology is small, very small. Nanotechnology d~velopment can be broken down into two distinct scientific• approaches: the top down approach and the bottom up approach. 10 The top down approach involves the creation of a structure on the nanoscale.11 These creations would be machines of sorts that were produced by other machines or etching techniques. 12 In contrast, the bottom up approach involves the construction of technology atom-by-atom or molecule-bymolecule out of organic and inorganic matter. 13 This approach, also referred to as molecular nanotechnology, is more firmly rooted in biology. 14 Not surprisingly, molecular nanotechnology is easily the most advanced form of nanotechnology. 15 It not only involves the construction of engineered organic matter on the small nanoscale, but also the ability to program and sustain this organic matter to perform specific tasks over a period oftime. 16 
What is Nanomedicine?
The National Institute for Health (NIH) defines nanomedicine as "an offshoot of nanotechnology, [that] refers to highly specific medical intervention at the molecular scale for curing disease or repairing damaged tissues, such as bone, muscle, or nerve." 17 Similarly, the European Technology Platform (ETPi 8 defines nanomedicine as technology that "exploits the improved and often novel physical, chemical and biological properties of materials at the nanometer scale. Nanomedicine has the potential to enable early detection and prevention, and to essentially improve diagnosis, treatment and follow-up of diseases." 19 Unlike conventional medicine of today, "[n]anomedicine would facilitate the repair and improvement of the human body from the inside out, with a precision and delicacy far greater than the finest surgical instruments penint.
• .2o · 10. Lupton, supra note 7, at 350. 11. ld at 351. 12. This type of nanotechnology is best thought of as akin to microscopic robots or machines that were constructed out of raw materials and assembled by other machines. Though these uses for nanomedicine have yet to reach beyond the theoretical in many respects, there are current advancements in this area of research. Professor Carlo Montemagno, of the University of California, has created tiny robots that are, for all intents and purposes, alive? 1 In describing his work, Professor Montemagno stated " ... the cells actually grow, multiply and assemble on their own. The device is alive.'.n · Professor Montemagno created these robots by growing rat cells onto silicon computer chips? 3 These robots, which are less than a millimeter long, can move themselves around without any external power source, and instead power themselves through the energy gained by contracting cells. 24 When viewed under a microscope, Professor Montemagno's creations look like "tiny, two footed 'bio-bots."' 25 The nanotechnologies he has created are a combination of both the top-down and bottom-up approaches? 6 Nanotechnology with the ability to power itself and perform various instructed tasks could be utilized in a variety of ways in the medical field. Multiple nanites released into an individual could theoretically communicate with each other to determine how to maneuver throughout the very complex human body. 27 Further, the nanites would theoretically be able to hone in on existing problems and predict where future problems might occur.28 Collaboration between nanites would be an unprecedented, revolutionary form of medical treatment. While performing all of these tasks the nanites would be able to communicate with one another to coordinate their efforts in the body; 29 An example of this coordinated effort is explored in the next section.
B. Factual Scenario of Patient X-Tumor Cured by Nanites
Patient X is currently being treated for a cancerous tumor with currently known methods, such as chemotherapy and radiation. These treatments are only moderately helpful in treating Patient X's tumor, and have serious and undesirable side effects. 30 her battle with cancer, but, regardless of the outcome, it is certain that Patient X's battle will not be short. Enduring·monthS;·even years, of harsh and. potentially damaging medical treatments will, undoubtedly take its toll on PatientX. Now suppose that Patient X has the same type of cancerous tumor, on~ ly this time Patient X lives in a world where nanomedicine exists.· Once Patient X's doctor becomes aware of the tumor, she is now able. to rely on a different form of treatment for Patient X's cancer, nanomedicine. The treatment would be greatly different than chemotherapy and radiation. It would involve nanites, or microscopic robots that would be programmed to treat and cure the tumor. The .nanites would be instructed to attack and destroy Patient X's tumor. Once the nanites are injected into Patient X they begin to perform their programmed task; ·Patient:X would be able to overcome a battle with cancer quickly, and with much .tess suffering than previous known medical treatments.
Though the science has yet to specifically develop the type of technology that would make this factual scenario ·possible, the .case of Patient X is a hypothetically. plausible use of nanomedicine in· medical treatment. This Note will continue to reference the above scenario to explore possible difficulties, concerns, and benefits surrounding implementation and use of nanomedicine.
C. Regulating the Undiscovered-Controlling the Unknown
Nanotechnology and nanomedicine is vexing to governments and regulatory agencies for precisely the same reason it elicits such excitement among innovators in the scientific and medical fields: the possibilities and potential risks of nanomedicine have yet to be imagined. This section highlights areas of concern with regard to nanotechnologies -how the technology is vulnerable and what risks those vulnerabilities introduce.
Cosmetic companies are concerned about the future of nanotechnology in their industry because they believe it is possible for nanoparticle contaminants to find a way into their products and eventually make it into a person's blood stream through uSe of their cosmetics. 31 they may not be programmed with a specific purpose, it does demonstrate · the fear that surrounds the unknown effects that these tiny particles could have on human physiology. 33 Imagine, a woman gets up in the morning and applies her make-up as usual and subsequently becomes violently ill due to a nanoparticle contaminant. 34 There are currently no ways of detecting these contaminants. As a result, physicians will face difficulty in treating the woman because they will not be able to determine the source of the patient's illness. 35 Additionally, even if the source of her illness can be ascertained for treatment purposes, the challenge of determining who should be liable for her illness remains. Though the nanoparticle contaminants are not directly related to nanomedicine, this situation demonstrates the potential risks matter created on the nano-level present to the medical field. Another very real fear surrounding nanomedicine addressed the potential affects on human toxicology. "The lack of knowledge about how nanoparticles might affect or interfere with the biochemical pathways and processes of the humali body'' remains unknown. 36 It is possible that nanomedicine could be extremely harmful to human physiology. The European Technology Platform on Nanomedicine notes some fears in its Vision Report: "The risks and challenges ofNanoMedicine comprise issues of toxicity and carcinogenicity, as well as long-term stability and excretion pathways for artificial nanostructures, and technological challenges in molecular manufacturing, quality assurance and eventually, the programmability of nanodevices. " 37 One report aptly articulated that the danger of nanotechnology is precisely in the fact that we do not know what the dangers are ... they remain unknown. 38 [Vol. 7:397 and benefits of a product so new in its conception when even those who are most familiar with it can do little more than theorize as to its outcomes and application. Perhaps these reasons account for the fact that many current discussions on nanotechnology are steeped in complex ethical issues. 39 Topping this list of ethical concerns is the way in which nanotechnology will likely be able to pennit human enhancement. The potential use of nanotechnology for human enhancement blurs the lines between medical and nonmedical uses of the technology. 40 Nanomedicine could not only cure Patient X's cancer, it could make her stronger, more energetic, or improve other physiological characteristics in·ways that stretch far beyond the original goal of eradicating her cancer. What would further complicate the issue is if Patient X purchased the nanites used to cure her cancer. She would then own them and could theoretically have them reprogrammed to perform any function she desired. Suddenly, the absence of an ethical line in the sand becomes quite noticeable. The question of whether Patient X should be able to do with her nanites what she chooses becomes important to answer.
Some theoretical applications for nanomedicine are extremely attractive. Consider Robert A. Freitas ' 41 proposed use of artificial red blood cells. 42 His fabricated cells are theorized to "be capable of delivering oxygen [to the human body] many hundreds of times more efficiently than human red blood cells.'"' 3 Respiratory diseases would likely be eradicated with this technology. 44 Transfusions from real blood donors would be unnecessary.45 Athletes could increase their endurance; scuba divers could hold their breath underwater for hours at a time. 46 This would all be possible because of nanomedicine.
These possible uses of nanomedicine raise ethical concerns in the form of human enhancement, which will be discussed later in this Note. Nevertheless, nanotechnology and nanomedicine still remain a hopeful promise of numerous benefits slated for the future horizon in terms of medical treatment. Regulators and legislators must remain ever cognizant of the ethical concerns surrounding nanomedicine. They will certainly be tasked 39 49 This funding was spread across ten federal agencies and totaled approximately $849 million. 50 Nanotechnology research and development "has been a priority for the Administration for the last three years." 51 In fiscal year 2009, federal funding for this initiative totaled $1.5 billion dollars. 52 In addition to this program, other federal agencies have stepped up to tackle the topic of nanotechnology regulations.
The FDA Takes the Lead
The FDA is a federal agency within the United States Department of Health and Human Services. 53 It is charged with the safety regulation of food, drugs, medical devices, etc. used and consumed by the American populace. 54 Historically, the FDA has been successful in regulating new technologies -especially in the field of biotechnology. 55 The FDA is extremely important to the development of nanotechnology and nanomedicine, because most new products that would employ this technology would require 47 The FDA is involved in the field of nanotechnology in a variety of ways. 57 Through the use of both internal and external working groups, the FDA remains educated and aware of the progress of the nanotech industry.58 Though a regulatory agency, the FDA remains engaged in areas of research surrounding nanotechnology. This research is not developmental in nature, but rather, is used to determine the characteristics of nanotechnology and focuses on understanding how nanotechnology interacts with other FDA-approved products. 5 9
The FDA has also tentatively responded to the question surrounding jurisdiction over nanotechnology products. 60 Categorization options under the FDA are drugs, devices, biologics, or some combination thereof. 61 Currently, the belief is that nanotechnologies will be products comprised of a combination of the above three. 62 Troublesome for the FDA is that many of their different centers across the country regulate combination products differently. 63 Predictability and consistency in regulation are only a few of the concerns posed by this managerial nightmare. 64 Since the FDA stipulates the requirements and guidelines for the majority of products in the U.S., it follows that the FDA is the most suited at this time to tackle nanotechnology regulation. 65 The FDA responded to a question about the risks of nanotechnology and whether or not these technologies should be regulated differently:
Existing requirements may be adequate for most nanotechnology products that we will regulate. These products are in the same size-range as the cells and molecules with which FDA reviewers and scientists associate every day. In particular, every degradable medical device or injectable pharmaceutical generates particulates that pass through this size range during the processes of their absorption and elimination by 56. Jessica In 2006, the FDA formed the Nanotechnology Task Force (NTF), 67 a body specifically dedicated to "determining regulatory approaches that encourage the continued development of innovative, safe, and effective FDAregulated products that use nanotechnology materials." 68 The NTF is comprised of members from each of the FDA Centers. 69 During a public meeting, NTF co-chair Dr. Randall Lutter said that the NTF would be also creating "guidance documents" for nanote.chnology practitioners' use to facilitate a better understanding how the FDA will likely interpret and apply existing laws and regulations to the developing technology. 70 The NTF has arguably adopted a "wait and see" approach to nanotechnology regulation. In its 2007 report, the NTF focused on the major issues: 1) examining the state of current knowledge regarding nanotechnology; 2) "the FDA's ability to address scientific issues" in products containing nanotechnology; and 3) "describing the regulatory authorities as they relate to nanotechnology in FDA regulated products.'m The FDA is intentionally avoiding a narrow definition for nanotechnology at this point and does not propose any specific mandates or regulations beyond those currently in place to guide existing technology. 72 To not completely frustrate those hoping for some direction in terms of future nanotech regulation, the NTF Report offered limited guidance by encouraging a reliance on research and the "predicative value of scientific studies." 73 This is arguably insufficient guidance at all. The NTF report also contained an express lack of confidence in current safety testing methods for products used and approved by the FDA as applied to nanotechnology. 74 Current research that has shed light on electrically neutral silver nanoparticles is illustrative of this point. 75 Previously, it was believed that nanoparticles would behave essentially the same as their larger, molecular sized counterparts. 76 Electrically neutral silver nanoparticles have been found, however, to cross plasma membranes with greater ease than their charged counterparts. 77 This unexpected behavior demonstrates that traditional scientific assumption may not adequately predict how even a simple change in particle size or structure could alter existing chemical, biological, or physiological structures. 78 Because of the immense uncertainty, the NTF report repeatedly emphasizes the need for collaborative efforts to pool knowledge and resources to lessen the unpredictability ofnanotechnology. 79 The NTF's emphasis on making analyses on "a case-by-case basis" in the summary "recommendations for considerations" sections of the report that were to specifically address how nanotechnology would or would not fit into the current regulatory scheme is indicative of this position. 80 This "case-by-case" language neatly identifies the FDA's current approach for regulating nanotechnology in its various products as one of "wait and see."
Specific direction as to which FDA regulations would apply to nanotechnology and nanomedicine would be applicable was not given thorough consideration in the NTF Report. Rather, the report focused on the many product types in which nanotechnology will be applicable. 81 It is likely that this hesitance to focus nanotechnology into one category was also a function of the "wait and see" approach the NTF has taken towards the developing technology.
Still, however, there are certain categories within the FDA that do potentially seem appropriate for nanomedicine as it is anticipated to develop. One notable category with a strong relation to nanomedicine is the device regulation category. Though is also extremely. relevant to nanomedicine, it remains to be seen whether this technology will be governed by a separate section outside that of medical devices.
Currently, devices regulated under the FDA fall into three categories. 82 Class I devices are considered low risk and subject to very few controls (labeling, adverse event reporting, etc.). 83 Class ll devices have a higher risk to the public and contain more complex technology. 84 Devices under this category must follow specific pre-market review protocols wherein a manufacturer must "demonstrate that [its] new device is 'substantially equivalent' with regard to safety and effectiveness to a similar device already legally marketed in the United States:.ss Class Ill devices are comprised of the most complex and risky devices available. 86 These devices are subject to pre-market approval through extensive clinical testing and periodic reporting on new developments. 87 Alterations to any Class Ill device require further documentation and testing. 88 Class Ill devices are those that pose a "significant risk" to the public. 89 If forced into an existing category as the FDA and NTF have suggested is appropriate, nanomedicine technology will likely fall into the Class Ill designation unless another Class division is added to specifically address nanotechnology. The latter option may prove the most appropriate considering the delicate and unpredictable nature of nanotechnology. 90 At this point, the ''wait and see" approach still applies.
Special Interest Groups in the United States Advocating for Regulation
In addition to the efforts spearheaded by the FDA, there are other agencies currently operating in the U.S. that focus on nanotechnology. One such organization is the National Nanotechnology Initiative (NNI), which was established in 2001 to coordinate research and development efforts on nanotechnology at the federallevel. 91 Each of the above organizations has some budget/investment operations set aside for nanotechnology research and development. 100 To qualifY for funding an organization must have a budget/investment included under eight categories outlined in the NNI Strategic Plan. 101 In addition to NNI, there are other, lesser known organizations operat- ing in the United States that address nanotechnology. The International Association of Nanotechnology (IAN) is a non-profit international organization based in California that focuses on promotion of scientific and business development in nanotechnology? 02 In contrast to IAN's goals for nanotechnology advancement, the Center for Responsible Nanotechnology (CRN) states that their purpose is ''not to predict, but to prepare; not to determine exactly when and how nanotechnology will enable disruptive molecular manufacturing, but to stimulate effective preparation for it, whenever and however it comes. " 103 Unlike other previously discussed agencies, CRN is deeply concerned about the risks associated with nanotechnology. 104 CRN attempts, however, to balance these risks against the backdrop of "cautious optimism. " 105
Opposition to Nanotechnology Research and Development in the United States
Though nanotechnology and nanomedicine have many supporters there are other groups in the United States that are opposed to nanotechnology research and development. 106 At the forefront of opposition to nanotechnology is the ETC Group -Action Group on Erosion, Technology and Concentration (name to be pronounced "et cetera"). 107 The "ETC Group is dedicated to the conservation and sustainable advancement of cultural and ecological diversity and human rights. " 108 Deeply concerned about the negative impactS and effects of nanotechnology, the ETC Group is calling for an evaluation of the "social implications of all nanotechnologies," and argues that "in the meantime •.. a moratorium should be placed on research involving molecular self-assembly and self-replication." 109 The ETC Group's skepticism about nanotechnology is motivated by a desire to protect underserved and underrepresented members of society. 110 Specifically, they posit that nanomedicine and the large amounts of money poured into its research and development primarily benefits the wealthy. 111 If nanomedicine is pursued too zealously, the ETC group argues, it could divert important funding away from programs that benefit the underserved and reduce essential health services already suffering from a scarcity of resources.112
B. Regulation in the European Union
On May 12, 2004 the European Union (EU), through the EC, issued an action entitled "Towards a European Strategy for Nanotechnology." 113 This action was created to tackle specific issues in regards to nanotechnology: offer guidelines for future policy, achieve consumer confidence in nanotechnology products, avoid health risks, create conditions for responsible development of the technology, and above all, attain these goals with the law already in existence.l1 4 The use of "law all ready in existence" seems strikingly similar to the FDAINTF "wait and see" approach to nanotechnology regulation.
Current Regulatory Scheme
The EU uses legislative tools called "Directives" to obtain overarching goals within each member state. 115 Directives are not explicative of the means by which these goals should be obtained, but rather focus on the outcomes and goal of a Directive. 116 As a result, member states implement legislation at the national level to achieve Directive goals over a period of time, usually with an articulated final deadline. 117 Directives are not uniform to the entire EU, and can apply to all or only some member states. 118 "Directives are used to bring different national laws into line with each oth- er, and are particularly common in matters that affect the operation of the single market (e.g. product safety standards)." 119 "Nanobiotechnological'' compositions (as they are called in the EU) generally are considered to fall under three preexisting Directive frameworks.120 The first is Directive 90/385/EEC which relates to active implantable medical devices. 121 A product falls under this Directive if it is a "medical device" and both "active" and "implantable". 122 The applicability of this regulation is particularly interesting because nanomedicine technologies will be implanted into the human body in some circumstances. ''Implanted" means "totally or partly introduced, surgically or medically, into the human body or by medical intervention into a natural orifice, and which is intended to remain after the procedure." 123 Some types of nanomedicine could potentially fall under this "implant" category, but ultimately that will depend on how nanomedicine develops. As in the Patient X scenario described earlier, for example, some types of nanomedicine now being researched involve the introduction of microscopic nanites into the body to perform a specific task (as in Patient X's case, to remove a tumor). Once that task has been completed, the nanites would have performed the task for which they were programmed and would at this point shut down and leave the body. Thus, the question becomes whether the nanites would qualify as sufficiently "intended to remain after the procedure" to fit within the "implant" category. 124 Further, it is possible that certain nanotechnologies will be developed that are intended or able to remain in the body indefinitely after they are inserted. 125
The second directive framework that nanotechnology falls under is Directive 93/42/EEC -medical devices. 126 This Medical Device Directive has the most general applicability to nanotechnology. 127 "Medical device" is defined as "any instrument, apparatus, appliance, software, material or other article, whether used alone or in combination, including the software intended by its manufacturer to be used specifically for diagnostic and/or the- 130 An in vitro diagnostic medical device includes those which are: a reagent, reagent product, calibrator, control material, kit, instrument, apparatus, equipment, or system, whether used alone or in combination, intended by the manufacturer to be used in vitro for the examination of specimens, . including blood and tissue donations, derived from the human body, solely or principally for the purpose of providing information. 131 In vitro is a technique in which procedures are performed on living matter outside the controlled environment of the living organism (or, in lay terms, in a test tube). 132 As discussed in further depth below, nanomedicine is expected to have many applications for in vitro research and treatment. 133 The EU is currently considering nanotechnology and its applications under these Directives.U 4 .
Designated Regulatory Groups and Agencies Drafting Policy
The European Technology Platform on Nanomedicine (ETP) is spearheading the nanotechnology movement in Europe. 135 The ETP's 2005 Vision Document focuses on three specific areas of nanomedicine: 1) in vitro diagnostics, 2) targeted drug delivery and release (currently in public use), and 3) regenerative medicine; 136 The Vision Document sets forth specific goals in each of the three defined areas, to be achieved by the year 2020: 1) nanodiagnostics-"[m]ultimodal ~eras for medical imaging," 2) targeted drug delivery -"[m]ulti-reservoir drug delivery microchips," 3) regenerative medicine -"[n]erve regeneration for spinal and limb repair." 137
Considering Regulation
In its 2005 Vision Document the ETP discussed the need for more research and development of nanomedicine before incorporating new language into regulation. 138 It stated:
[i]t is necessary to put into place measures that identify the hazards associated with novel nanotechnology-based therapies, characterize the associated risks, reduce those risks as far as reasonably practicable, establish a positive risk/benefit balance, and communicate the nature of any residual risks and other relevant safety information to doctors, patients and other key tiveness and sustainability objectives is dependent 139 This language seems to indicate a framework for analysis of regulatory issues that begins with the identification of risks and ends with a reduction of those risks. 140 Crucial to this framework is the dissemination of the risk/benefit analysis to patients, doctors, and decision makers. · This point touches back upon the ethical concerns posed by some who deal with informed consent and a patient's ability to give such consent if the risks of nanomedicine are largely unpredictable or altogether unknown. 141
Focus of Research and Development
The ETC has chosen a list of diseases on which to focus research and development of nanomedicine. It states, "[T]his Strategic Research Agenda addresses a choice of diseases, selected by their impact on patients, their prevalence and burden to society, and by the expected beneficial impact nanomedicine is likely to have on them in the near future." 142 This pointed commitment to nanomedicine research and development is decidedly absent from efforts in the U.S.
III. ANALYSIS: STRATEGY FOR GoVERNANCE OVERNANOMEDICINE

A. The Trouble with Regulating Too Early
The first step for providing meaningful regulation of nanomedicine in the future will be a restraint on regulating the technology too early. Regulation that arrives before the technology is even fully understood or its potential fully realized will function to hinder the further development of the technology-stifling it at the outset.
In the United States
Currently, nanotechnology in the U.S. is regulated exclusively under the rubric and guidance of the FDA. .
143.
Sadrieh & Espandiari, supra note 57, at 340 (noting that nanotechnology will be particularly applicable in medicine and health, consumer products, as well as transportation and agriculture).
INDIANA HEAL1H LAW REviEW [Vol. 7:397 and combination products." 144 The FDA's regulatory power is far-reaching, encompassing products which "account for twenty-five cents out of each dollar that each American spends." 145 Given the FDA's broad regulatory authority, new nanotechnology will undoubtedly be subject to FDA authority, regardless of how it develops. As such, the FDA's approach to nanotechnology regulation is of utmost importance as nanomedicine develops and therefore its policies and systems of regulation should be given careful scrutiny.
After careful monitoring of current nanotechnology advancement, the FDA maintains that its "existing requirements may be adequate for most nanotechnology products" they would regulate. 146 · The results of recent re,. search in nano-sized particles, however, indicate that the FDA's existing regulatory structures may not adequately address the novel problems that nanotechnology will likely pose. The unexpected behavior of silver nanoparticles discussed earlier demonstrates one of the potential weaknesses in the FDA's existing regulations for nanotechnology. 147 In the silver nanoparticles research, it was discovered that electrically neutral silver nanoparticles are able to traverse plasma membranes with greater ease than: their electrically-charged counterparts -a distinction not exhibited in larger electrically neutral molecules. 148 The fact that these nanoparticles -·which, aside from their size --otherwise share the characteristics of larger molecules -behave differently than larger molecules indicates that traditional predictive assumptions about the behavior of new technology may not apply to nanotechnology. This uncertainty regarding the unpredictability of nanoparticles simply due to the newness of the research in the field prompted. the NTF to express "a lack of confidence in currently used FDA product testing methods for safety and efficacy." 149 Others believe that current regulations, in particular those for combination products (the category into which nanotechnology is likely to fall within the FDA's regulatory guidelines);, are adequate to meet the needs of this emerging technology for the following reasons: "high dose multiples are used in all studies ... ; at least two animal species are used ... ; extensive histophathology is conducted on most organs ... ; functional test to assess if there are effects on specific organ systems ... ; and drug treatments in animals can be for extended periods of time. " 15 l> These testing requirements for combination products are thought to be rigorous enough to evaluate na-notechnology products in the foreseeable future. "As such, we do not expect that the FDA will be· issuing any new guidance to specifically focus on nanotechnology products, as these products will be covered by the existing guidance documents."m
In the European Union
Discussion on the topic. of nanotechnology is moving swiftly in the EU as it works toward developing a strategy for addressing issues that arise with the emerging technology. "While knowledge gaps remain regarding the potential risks of nanotechnologies, the [EC] again expressed confidence that existing EU regulation can be applied to this emerging sector, stressing that the challenge ahead lies in their implementation." 152 The confidence that the EU places in the current regulation is not, however, given without pause. "Knowledge on essential questions such as characterisation of nanomaterials, their hazards, exposure, risk assessment and risk management should be improved. " 153 This improvement, the EU states, will likely stem from the implementation of the regulations to nanotechnology, not the regulatory language itself. 154 "Current legislation covers in principle the potential health, safety and environmental. risks in relation to nanomaterials. The protection of health, safety and the environment needs mostly to be enhanced by improving the implementation of current legislation." 155 Recognizing that the current regulatory language as applied to nanotechnology may be lacking in some cases, it articulates that "Commission working groups in charge of coordinating implementation . of legislation are examining on an ongoing basis whether regulatory change on specific aspects is necessary, taking into account the continuously generated information linked with the identified knowledge gaps." 156 Complementing the above guidelines for nanotechnology regulation in the EU, the ETC has articulated additional concerns specifically related to nanomedicine in its "Strategic Research Agenda for Nanomedicine." 157 The concerns are listed under the heading "Providing the Environment to 151 Facilitate Nanomedicine" in the report. 158 Including this section in the overall "Strategic Research Agenda" suggests that the. EU is aw.are that nanomedicine may not fit well within the· current regulatory guidelines. 159 Further, the report specifically addresses the importance of public opinion and reception of nanomedicine. 160
Another important building block for an environment in favour of nanomedicine is the public acceptance of this novel technology. So far European public opinion as expressed by the media and focus groups is largely · ·positive because nanotechnology promises great ben,.
efits for the health and everyday life of people in addition to economic success. However, one has to be cautious not to fuel the hype about the technology, which in this regulated sector will have «> mature over a prolonged period of time. 161
The ETC further couches this public opinion concern focusing on the benefits European citizens will receive from nanotechnology. Such benefits include not only an enhanced quality of life because of nanomedicine, but that this enhancement of life will come at much less economic and societal costs.t62
The ETC has also discussed the development of intellectual property rights for nanomedicine within the general rules in the Seventh Framework Programme (FP7 allocation of rights on generated intellectual property" in nanomedicine. 167 First, they articulated the goal to streamline the application process for intellectual property rights so as to diminish administrative burdens by permitting only one applicant per patent. 168 The second aim states that all research trials will be free from royalties. 169 The third objective sets forth general goals for commercial use of the intellectual property rights. 170
B. Fixing the Focus on Research and Development
The second step toward creating meaningful regulation for nanomedicine will be to shift the current_ focus firmly on research and development of nanotechnology. The EU has noted "a[]s knowledge becomes the critical factor for implementation and, eventually, legislation, targeted actions in a number of areas and at different levels, particularly in the field of research and development ... [are] a.matter ofpriority." 171 The EU further vows that "[t]hey will take into consideration work that has been carried out ... at [the] national and internationallevel." 172 By not limiting its focus solely to the research and development of nanomedicine only in the EU specifically, it will be better able to facilitate "a rapid improvement of the scientific knowledge bas [e] ." 173 Similarly, the FDA has indicated a focus on nanotechnology research and development in the NTF report, stating "[r]apid developments in the field mean that attention to· the emerging science is needed to enable the agency to predict and prepare for the types of products .. .in the near future."174 They go on to describe "the need for timely development of a transparent, consistent, and predictable regulatory pathway."m The U.S. and the EU shotild proceed cautiously, though, to ensure that the emerging science of nanomedicine is more completely understood before regulations are crafted. Failing to comprehend the science learned through nanomedicine research and development could lead to regulation that arrives too early. This early arrival of regulation could potentially inhibit the future of nanomedicine and stifle its development. The ETP raises the question of a new line that might one day need to be drawn between medical treatment and human enhancement. 176 The FDA has also recognized the presence of such ethical considerations. 177 ·Assume Patient X suffered some blindness as a side effect to the tumor. Not only can Patient X's tumor be cured by nanomedicine, so too can her blindness. What if, however, her vision is not only repaired by the nanites, but also enhanced in some way. 178 Considerations such as this pose interesting and complex ethical issues over both the technology and its eventual uses.
Contemporary Comparison to a Medical and Ethical Dilemma
Nanomedicine is the most recent newcomer in a long line of medical topics that are steeped in ethical considerations. The most clear ethical issue to parallel nanotechnology is stem cell research and development. Stem cell research has faced a great deal of ethical backlash since the first human embryonic stem cells were cultured in 1998. 179 Noting the enormous benefits to the overall health of society that the stem cell research offers, it important to identify precisely what opponents to stem cell research find so ethically repugnant. In order for a stem cell to be obtained from an embryo, the embryo must be destroyed. 183 184 The destruction of the· embryo is the basis for the opponent's argument..., they believe that to end the existence of the fertilized embryo is to end a life. 185 This life, they argue, should be regarded with the same protections as a newborn baby or adult. 186 Essentially it is the same argument used by opponents of abortion -Does stem cell research promote ending the life of a being that deserves the full protection of the law? Those opposed to stem cell research would argue that if that question cannot be answered with firm certainty, then this research should not receive federal support.
Not only is the topic of stem cell research sensitive on an ethical level, it is also a charged issue because many do not believe that stem cell research and development should take place with federal money. 187 Stem cell research will certainly move forward with or without federal money. 188 If the government chooses to not invest in the research and development, then it will have no ability to regulate the research -essentially handing over all power to the private sector. 189 "An 'unlegislated, commercially driven world' of hESC [human embryonic stem cell] research could lead to ' unsafe, black market ·conditions,' and erode respect for human embryonic stem cells, the very respect opponents of such research stress and which erosion could be protected against by federal regulation. [have] questions about its proper limits and the means of establishing and enforcing those limits through meaningful regulation." 191 These task forces should be charged with determining what these "proper limits" will include and how nanomedicine can be developed and implemented in the future.
N. CONCLUSION
Though nanotechnology and nanomedicine are still firmly situated in the research and development phase, the United States and the European Union have both decided to preemptively examine this emerging technology. Both countries are proceeding cautiously, however, with regard to regulation of this new technology. Through adoption of ''wait and see" approaches, the nations will be better situated to meaningfully deal with and regulate the technology once the science is fully understood, and there is a clear defined direction in which the technology will be used.
It will not be until these scientific advancements occur that the governments will be able to adequately see the limitations of the application of current regulatory structures already in place as they apply to nanotechnology and nanomedicine. Once these limitations are adequately realized, it will be possible for meaningful regulation to follow. The future of meaningful regulation will only stem from careful monitoring of the research and development of nanotechnology. Though some of the current regulations might adequately govern parts of nanotechnology and nanomedicine in the future, it is likely that these regulations will not be able to address all of issues as most are not yet known.
In addition to focusing on the science of nanomedicine, the United States and the European Union should consider creating ethical task forces. These task forces would be charged with monitoring potential ethical issues surrounding the eventual uses for nanotechnology and nanomedicine. They will likely have to tackle such issues as nanomedicine uses for human enhancement in addition to countless ethical considerations that have not been (2004), available at htlp:/lwww.bioetbics.govfreports/stemcelll pcbe_final_version_monitoring_stem_cell_research.pdf "Much basic and applied research remains to be done if human stem cells are to achieve their promise in regenerative medicine. This research is expensive and technically challenging, and requires scientists willing to take a long perspective in order to discover, through painstaking research, which combinations of techniques could ... be successful." Id. at 140 (noting that this could not be accomplished without "strong financial support" from both public and private sources).
imagined or contemplated at this point.
Much like stem cell research, nanomedicine technology raises specific ethical considerations that must be explored and considered when contemplating the regulation of not only its research and development, but also its inevitable use in society. The governments of the United States and the European Union both have pivotal roles to play in the regulation of this research. This influence will ultimately determine how nanotechnology develops and is eventually used in society.
Nanotechnology and nanomedicine have the potential to revolutionize the medical field in many beneficial ways. Nanotechnology is quickly moving beyond the walls of laboratories, where it is constrained by theory, and is shifting ever closer to the realm of practical applicability. As this shift occurs, governments of leading nations need to remain watchful over nanotechnology and nanomedicine developments. Current regulatory structures for medical devices and technology may initially be an appropriate platform from which to govern nanomedicine. The technology, however, may quickly outgrow the effectiveness of these regulations.
The United States and the European Union should continue to employ the "wait and see" approach to nanotechnology and nanomedicine regulation until more is learned from research and development. As the science takes shape, the governments should use specific task forces to pointedly consider the ethical issues surrounding human enhancement and other ethical issues that develop with the technology. Through understanding and preparation on the ethical issues involved, governments will be better able to frame a meaningful regulatory structure for nanotechnology and nanomedicine. This regulatory structure will determine future societal uses of this technology. The governments of the United States and the European Union must remain mindful of the critical role they are to play as some of the most important technology of the future begins to develop. "The decision ... reach [ed] here today will determine how we will regard this creation of our genius. It will reveal the kind of people we are; what ... [we are] destined to be." 192
